Purpose Balloon reduction and cement fixation of displaced articular fractures of the calcaneus have been described elsewhere but support for it lacks clinical evidence. We have been performing the technique since October 2006 and describe here our clinical experience including three to five-year follow up of our first ten cases with no patient lost to follow up. Methods From September 2006 to September 2009, ten patients were admitted with a calcaneus fracture, six were female and four male, one case was bilateral (11 fractures). Patients were operated upon in the prone position according to the technique we have described. Reduction was obtained in all cases. Patients were discharged after an average of four days postoperatively and were allowed weight bearing after two to three months. All patients were followed up regularly and were examined by an independent observer at the latest follow up. The clinical results were assessed using the AOFAS ankle score, the Babin score and the RAND-36 physical components score. A CT scan was obtained in all patients before, after the operation and at the latest follow up.
Introduction
Balloon reduction of a calcaneal fracture was first reported in the literature by Bano et al. [1] in one case in 2009. The technique has been described in several papers recently with technical details [2] [3] [4] [5] [6] [7] [8] . However, it lacks follow up and clinical evidence of efficacy. We have been initiating the technique since 2006 and hereby describe our first consecutive 11 cases in ten patients with a three-to five-year follow up with no patient lost to follow up.
Material and methods
From 2006 to 2009, ten patients were operated upon for fractures of the calcaneus with thalamic articular involvement. This cohort represents the first ten patients managed by this technique. Patients were treated as consecutive cases by the same operator. Only one additional patient with psychiatric problems and IV drug use was excluded and had indeed functional treatment with this cohort.
Patients
The mean age was 37.8 years (range 26-58). The demographic data are shown in Table 1 . Four were male and six female. Three suffered a work-related accident. The initial accident was a fall on stairs in two, in a swimming pool in one, from a ladder in five, from a window on the first floor in one (bilateral case) and the result of a street fight in one.
Fractures
Five fractures were located on the right side and six on the left side. One fracture was bilateral. Fractures occurred after a low energy fall from a height of one to three metres in all cases. Fractures types according to Sanders are shown in Table 2 . The mean Boehler angle at the time of presentation was 2.45°(−20 to 25°). There were no open fractures. Patients were operated on after three to 18 days (mean seven days) after the trauma.
Technique
All cases were operated on in the prone position with a double image intensifier control in the lateral and AP/ thalamic view as already described [5] [6] [7] . Additional reduction techniques were used, such as lateral compression using two plastic slabs and a large reduction clamp, as well as "framing" of the fracture using temporary plantar K-wire stabilisation to direct the pressure of the balloon towards the thalamic fragment. Reduction was obtained through progressive balloon inflation and, once obtained, was stabilised using PMMA cement only (Fig. 1) . Metallic hardware was removed once stability was obtained, and percutaneous entry ports were closed using absorbable sutures and cyanocrylate glue (Dermabond™). No further dressing was required. Full weight bearing was allowed only after healing of the fracture was obtained (three months) in a very conservative fashion in this series. Partial weight bearing was allowed after two months in four cases with very reliable patients (cases 3, 6, 7, 11) (Fig. 2) .
Assessment
Postoperative clinical evaluation was performed by the surgeon after three weeks, six weeks, three months, six months and each year after the fracture. Radiographs were made at each time point. All patients had a CT scan evaluation prior to the operation, immediately after the operation, at three months and each year postoperatively.
Clinical and radiological evaluation was performed by an independent orthopaedic surgeon at the latest follow up as noted in Table 1 in all patients. The American Orthopaedic Foot and Ankle Society (AOFAS) score [9] as well as the Babin score [10] were obtained at the latest follow up and as rated by the independent observer. Self evaluation was performed using the RAND-36 [11] quality of life questionnaire administered to the patients using a dedicated iPad application (RAND-SF36, Altavi, Luxembourg). Work status was also recorded independently. 
Results
Eleven fractures (ten patients) were operated upon and had a three-year minimum follow up (36-70 months). No patient was lost to follow up and none was revised. All patients had resumed their previous professional activities after 15 days to four months. One patient had retired from public service but resumed her field walking activities after four months.
Clinical results
The mean AOFAS score was 84.5 (27-100). The AOFAS scores are shown in Table 3 . The clinical results were rated good or excellent in 81.8 % of cases (nine fractures). According to the AOFAS and the Babin functional score, one result was rated poor and one fair. The mean physical component of the RAND-36 was 74.6 (28-97.5). Clinical data are shown in Table 3 .
Radiological results
The mean preoperative Boehler angle was 2.45°as measured on conventional radiographs. The mean postoperative Boehler angle on radiographs was 15.27°; a mean improvement of 19.8°was obtained. At the latest follow up, upon examination by the independent observer, the One patient with an excellent clinical result had no longterm CT scan examination at the final assessment because of ongoing pregnancy. Another patient refused to have the CT examination due to no pain and no complaint. Three patients showed signs of subtalar arthritis on the CT scan at the latest follow up. One patient only (one fracture) who had evidence of subtalar arthritis on the CT scan was offered a subtalar fusion by the surgeon, but refused to proceed. This patient is the one with the poor clinical result and was our second case. Postoperative CT scan showed an enlarged intraarticular fracture line as a reduction defect.
As a matter of fact, it was after operating on this patient we that developed the concept of lateral compression while inflating the balloon, to direct the pressure towards reduction rather than enlargement of the calcaneus bone. It can be said this patient had a reduction defect with an overall bad result. The postoperative CT scan evaluation prompted us to modify and improve the technique.
At the time of the latest follow up, all patients had resumed their work at the same level as before the fracture.
Discussion
Balloon reduction and fixation using various types of cement has been described elsewhere in articular displaced calcaneal fractures [1, 3, 4] and in other metaphyseal fracture locations [12] [13] [14] [15] . As with any new technique in articular trauma, validation is provided only by sound clinical evaluation after a sufficient follow up.
We initiated the technique in September 2006 with one case and have consistently improved on the technique since that time [5] [6] [7] .
The idea of using kyphoplasty balloons for a minimallyinvasive reduction and fixation of calcaneal fractures arose from an apparent contradiction, inspired by Epstein [16] . First, the outcomes of these fractures depends often more on psychosocial factors (sex, work-related accident, tobacco smoking, in that order) than on anatomical factors, or the experience of the surgeon [16, 17] . Second, surgical treatment, when providing an unsatisfactory reduction, consistently leads to a poor clinical result, actually worse than functional, early weight-bearing treatment. Thus, we needed to find better ways to treat these fractures. Either by improving the quality of the reduction, or by decreasing soft tissue injury and local impingement between the implants and the fibular tendon sheath. Minimally invasive techniques might be able to improve on this [16, 18, 19] . Our technique accomplishes both. Overall, the results in our small initial series are satisfactory with a long follow up.
However, the weaknesses of our series include the following: this is a small, relatively selected series of patients who have sought treatment in a relatively small department with no heavy traffic or industrial casualties and who have been able to express consent to being involved in the use of a new technique after careful explanation. The femaledominant, 20 %-only work-related, educated urban context is non typical in the usual calcaneal trauma setting. However, cases were not selected based on the fracture characteristics; four of them were Sanders III. Reduction and fixation of these difficult fractures may be problematic with the open technique. The balloon technique was able to address even difficult cases. We need more studies to extend indications to a regular male, smoking, with heavy work-related issues, calcaneum trauma population.
Definitive fixation of fractures in this series was obtained through the use of polymethylmetacrylate (PMMA) cement only as all metallic hardware used for reduction was removed after cement polymerisation at the time of skin closure. PMMA is a highly biocompatible and well-known material, which provided us with good initial reduction stability, and no loss of correction at the latest follow up. However, calcium phosphate bioadsorbable cement has been available for a while in the trauma field and its use has been described already in calcaneal fractures [20] . Although PMMA bone cement has provided us with good clinical results, a trend towards the use of more bioadsorbable materials has been observed and its use may be preferable in the current clinical setting for this application, especially since the review of the literature showed very positive results in metaphyseal fractures when compared to no graft or autogenous bone graft [21] . Long-term data are needed to asses this question.
Balloon reduction and cement fixation of calcaneal fractures is a work in progress as with any technique in its infancy. Following the indications given by the postoperative radiological assessment and the systematic CT scan review of anatomical results, modifications and improvements of the technique have been developed to obtain a better and easier reduction [5] . In this first series, one patient (patient #2) showed enlargement of the calcaneus on the postoperative CT scan. This patient had a poor AOFAS score at the latest follow up (68 months) but refused a further operation. As a matter of fact, after operating on this patient we developed the concept of lateral compression whilst inflating the balloon, to direct the pressure towards reduction rather than enlargement of the calcaneus bone. Additional techniques may be developed in the future to better address particular cases. The use of additional Steinman pins to obtain reduction and better "frame" the fracture site is one approach. Adding temporary external fixation may be an answer to better reduce the elevation of the greater tuberosity as found in some cases [22] . However, the balloon reduction tamp and cement fixation concept have provided us excellent tools to achieve reduction without performing an extensive approach damaging to the soft tissues, and we believe the tools and concept are here to stay in the arsenal available to the surgeon in regular clinical practice.
